Generally most hydraulic systems are intrensically non-linear, why applying linearcontrol techniques typically results in conservatively dimensioned controllers to obtain stable performance. Non-linear control techniques have the potential of overcoming these problems, and in this paper the focus is on developing and applying several different feedback linearisation (FL) controllers to the individual servo actuators in a hydraulically driven servo robot to evaluate and compare their possiblities and limitations. This is done based on both simulation and experimental results.
INTRODUCTION
In the last decades electrical drives have become increasingly popular, due to the advances in power electronics and frequency inverters, but hydraulic servo-systems still fi nd a variety of applications in industrial motion control due to its high size-to-torque ratio [1] - [4] . The use of hydraulics is for instance still widespread in areas of machining plants, mining etc. [5] . Often however, these hydraulic drives are controlled using linear controllers, which degrade the obtainable performance of the drive, as most hydraulic systems are intrinsically non-linear and have time-varying parameters. The non-linearities, combined with large parameter ranges means that is difficult to achieve satisfactory performance, as the linear controllers have to be dimensioned conservatively to ensure stability.
In addition, the natural damping in these system are in general very low. 
SYSTEM DESCRIPTION
The system considered in this paper is a two degrees-offreedom rotary arm manipulator with a high-frequency servo valve controlled hydraulic cylinder driving each link. An illustration of the system is shown in Figure 1 .
This system is, as many hydraulic systems, characterised 
Neglecting the dynamics of the servo valve, the flow through the servo valve may be described by:
The cylinder chamber pressures are found from the continuity equation: (5) where H(x3, 14)=QA and 1(13.14)=QB are the fl ow expressions given by Eq.(2).
Compensation of Pressure Dynamics
In the following the feedback linearisation approach will be used to compensate for non-linearities related to the pressure dynamics. This is done by considering only the part of the model, with the state vector XT=[PA PB]: (6) Define the output as the force:
Following the approach in [6] , we set up the quantities:
where Lfh is the Lie derivative of the scalar function h with regard to the vector function f. The Lie derivative and repeated Lie derivatives being defined as:
denoting the gradient operator.
Since Lgh= 0 the control law is selected as:
which yields a force tracking system that converges exponentially to zero, if the desired force trajectory and its first derivative is known. If the control law is substituted into the system it results in the feedback linearised system:
The plant describing the piston position is given by Eq. Substituting the load pressure pLX into the motion Eq.
gives:
If the theory, used in the previous section, is applied to the this second-order system, the control 
ADAPTIVE FEEDBACK LINEARISED SECOND-ORDER CONTROLLER (AFLSC)
In the previous section the system parameters are estimated and consequently the controller the parameters are adjusted conservatively. In order to compensate for these parameter variations an adaptive controller has been implemented. For the error equation (29), a standard adaptive control law including both an"integral"and a"proportional" part is chosen to: As seen from the results the performance of the AFLSC is very good and the steady-state errors on both cylinder To improve the performance of the FLSC, the AFLSC was developed by adding an adaptive control scheme, whereby the performance was improved significantly. Though the AFLSC is fairly complex, the controller parameters are easily adjusted. Common for the controllers considered are that they are very robust to mass variations, as a stepwise increase in the tool centre point mass by 50 [kg] has no significant influence on the resulting position tracking error response.
